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http://dx.doi.org/10.1016/j.kjms.201Abstract Ocular chemical burn is a severe injury with poor outcomes. Immediate and appro-
priate management is highly related to prognosis. We studied the effect of cultured human
adipose tissue-derived stem cells on the regeneration of the rabbit cornea after alkaline che-
mical burn, using used human adipose tissue-derived stem cells as the source material. Imme-
diately after the chemical burn, the experimental eye received a single subconjunctival
injection of a stem cell suspension (1.3  105 cells/0.2 mL), with the other eye serving as
control. Rabbits were sacrificed and specimens taken 30 days after injection. The experi-
mental group showed faster wound healing than the control group, and the result for the
experimental group was clearer cornea medium. Histologically, there were five to six epithelial
cell layers on the corneas of the experimental group as compared to two to three cell layers on
the corneas of the control group. Wilcoxon signed rank test showed a significant difference in
the epithelial cell layers between the two groups. Surface markers for connexin 43 (Cx43), b-of Emergency Medicine, National Cheng-Kung University Hospital, Cheng-Kung University, No. 138,
om (C.-H. Lee).
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Application of stem cells to ocular chemical burn 15catenin, E-cadherin, and P63 were analyzed. Cx43 and b-catenin showed significant change, as
determined by the Wilcoxon signed rank test, which indicated good cell renewal during repair
of the corneal epithelium damaged by the chemical burn. E-cadherin and P63 showed no signif-
icant change during the epithelium healing process. Transplantation of cultured human
adipose tissue-derived stem cells as a treatment for a corneal chemical burn promotes cell
renewal and assists in damage repair.
Copyright ª 2012, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
Chemical burn to the eye is a vision-threatening emer-
gency. Of all occupation-related eye injuries, chemical
burns are more intractable than others in terms of treat-
ments and sequelae. Chemical burns may cause irreversible
tissue damage and result in a poor prognosis [1]. Other
complications of ocular chemical burns include recurrent
epithelial erosion, symblepharon, corneal scarring, corneal
ulceration, and corneal neovascularization [2]. Alkaline
burns are more complicated and have more severe
sequelae than acid burns due to the lack of a protective
barrier. Based on these facts, alkaline burns were chosen
for the animal model in this study because this type of
burns results in the most severe damage.
Many therapeutic and surgical methods have been
proposed for the treatment of corneal burns. Traditional
therapy includes protease inhibitors, antibiotics, regener-
ation stimulators, and surgical intervention. Despite the
availability of methods for the treatment of corneal burns,
regeneration of the corneal tissue and successful recovery
of vision are a challenge [3].
Amniotic membrane transplantation, various forms of
corneal transplantation, and limbal stem cell surgery have
been proposed as therapeutic options for corneal chemical
burns [4]. Several different sources of stem cells and various
different approaches are available for transplantation, such
as autografts from the contralateral eye, allografts from
donors, and amniotic membrane from donors. Of all the
treatments available for chemical burnsdmedical, surgical,
or cell therapydstem cell therapy seems to be the most
promising in terms of cell regeneration, wound repair, and
stimulation of the damaged tissues.
Stem cells are defined as relatively undifferentiated
cells that have the potential to generate more differenti-
ated daughter cells. They have the ability to develop into
many different cell types throughout life and to function as
a repair system source that replaces aging or damaged
cells. When stem cells divide, they may develop and
transform into other types of cells, such as muscle cells,
keratinocytes, red blood cells, or brain cells. Limbal stem
cells have a higher potential for epithelium regeneration,
which is important when treating corneal epithelium
defects. These stem cells have been proposed to act as
progenitor cells that target damaged areas and play an
important role in wound healing.
Adipose tissue-derived stem cells (ADSCs) exhibit
immunosuppressive effects during allogenic transplantation
[5e7]. However, to the best of our knowledge, there have
been no reports on the in vivo transplantation of ASCs in anexperimental corneal chemical burn model. The aims of our
study are to investigate whether ASCs can migrate to and
target corneal epithelium in an animal model and also to
evaluate the regeneration effect of ASCs. Application of
ASCs avoids many ethical concerns compared with other
stem cell sources. By utilizing cornea clarity assessment,
measuring corneal epithelium layers numbers, and assess-
ing various protein surface markers, we expect that a single
injection of stem cell suspension immediately after an
alkaline burn should be sufficient to promote regeneration
of the corneal epithelium after the alkaline chemical
damage.
Materials and methods
Human ASCs were used as the source of donor material [8].
The cells were recultured and augmented up to 80% with
Keratinocyte-serum free media (SFM) (Invitrogen, USA) and
supplements of epidermal growth factor (EGF), bovine
pituitary extraction, 10% FBS (GIBCO, USA, fetal bovine
serum (FBS) 50 cc/SFM 500 cc), and a gentamycin solution
of 100 mL per 500 cc SFM. The cell suspension (1.3  105
cells/0.2 mL/mL) was cultured in 25 cm2 culture flasks at
37C with 5% CO2. Culture media were replaced at a ratio of
80e90% every 2 days. All animal experiments were per-
formed in a manner consistent with the Association for
Research in Vision and Ophthalmology( ARVO) statement for
the use of animals in ophthalmic and vision research.
The study was carried out on eight rabbits, each
weighing 2e2.5 kg. All the procedures were performed
under general anesthesia with 5% ketamine (50 mg/kg) plus
rompune (1e2 mg/kg) intramuscularly and with local
analgesia of the cornea (1% proparacaine hydrochloride).
The alkaline burns were elicited in the central 7 mm of the
cornea. Disks (7 mm in diameter) of sterile chemical filter
papers were dipped into 10% NaOH for 5 minutes, and then
placed onto the central area of the cornea for 40 seconds.
After removing the disks, the eyes were washed with 20 mL
saline for 30 seconds. After chemical burn, the experi-
mental animals immediately received a single subcon-
junctival injection of stem cell suspension (1.3  105 cells/
0.2 mL), while the control group received 0.2 mL of normal
saline in a similar manner. Local treatment with gentamy-
cin ointment twice per day was prescribed to prevent
secondary infection. The rabbits were sacrificed and
corneas removed 30 days later. The central 3-mm-wide
areas of the central cornea specimens (CCS) were sent for
histological analysis. Histological studies were performed
using paraffin sections stained with hematoxylin and eosin.
The residual CCS samples were chopped up in liquid N2 and
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samples immediately underwent conversion into cDNA and
was then stored until real-time polymerase chain reaction
(PCR) was performed. Real-time PCRs for surface markers
of connexin 43 (Cx43), b-catenin, E-cadherin, and P63 were
evaluated. Total RNA samples were collected and con-
verted into c-DNA immediately after the animal study. The
c-DNA samples were amplified with Power SYBR Green PCR
Master Mix (Applied Biosystems, USA) in a volume of 25 mL
using 10-mM primers for each.
Corneal haziness was graded based on the criteria used
by Ye et al: grade 0, totally clear, with no opacity; grade 1,
haziness seen with difficulty with direct illumination;
grade 2, haziness easily visible with direct slit illumination;
grade 3, moderately dense opacity that partially obscured
the iris details; and grade 4, severely dense opacity,
completely obscuring the details of intraocular structures.
Results
The corneal healing process was evaluated by corneal
haziness grading, histology (epithelium layer numbers
making up the epithelial layer), and various surface mar-
kersdnamely Cx43, b-catenin, E-cadherin, and P63.
Corneal haziness grading
Clinically, the damaged corneal epithelium of all groups
underwent progressive healing without any infection. In our
study, corneal haziness was grade 1 or grade 2 in all
experimental animals and grade 4 in the control group
(Fig. 1). Based on the haziness assessment, the experi-
mental group showed more rapid wound healing than the
control group, and the result was clearer cornea medium in
the experimental group.
Histopathology to assess cell numbers making up
the epithelial layers
The epithelium of the central corneal area consisted of 5e6
layers of epitheliocytes in experimental groups and 2e3
layers in controls (Fig. 2). As shown in Table 1, there isFigure 1. Postoperative corneal haziness grading: grades 1e2 ha
(C). The control group had a comparatively lower median value tha significant difference in the number of epithelial layers
between the seven eyes from the experimental group and
the control group with a p value of 0.017, as evaluated by
Wilcoxon signed rank test. The eighth experimental group
was excluded due to poor histological section.
Surface marker assessment
To evaluate the proliferative effects of the human ASC
treatment, the titers of various surface markers were
examined via real-time PCR check-up, in order to assess
keratocyte renewal activity. We checked the titers in log
for Cx43, b-catenin, E-cadherin, and P63. There were
significantly increased expressions of Cx43 and b-catenin
with p values of 0.012 and 0.018, respectively, in experi-
mental corneas, but no increased expression of E-cadherin
or P63 (Table 2).Discussion
Effective and immediate therapy of chemical ocular burns
has represented a challenge to ophthalmologists for many
years due to sight-threatening prognosis [9]. In soft tissue
repair, the aim of early treatment is to prevent inflamma-
tion and tissue melting, as well as to promote epitheliza-
tion. Many surgical techniques can reduce inflammation
and promote epithelization without augmenting the func-
tion of limbal cells. However, adult stem cells derived from
fat tissue are readily available [6].
In order to explore the effect of these adult stem cells
on wound healing after a chemical burn, we conducted an
animal study to investigate the easiest and most effective
procedures to improve wound repair. Stem cell therapy has
been applied to treat a number of diseases by repairing and
regenerating damaged tissues. Although embryonic stem
cells and induced pluripotent stem cells have been shown
to have high therapeutic potential, they have clinical
limitations and raise ethical concerns. Adult stem cells, on
the other hand, avoid these ethical questions and also their
use involves less difficulty in manipulation. In this context,
human adipose tissue provides a ready source of mesen-
chymal stem cells that can be used in many types of tissueziness in experimental group (E) and grade 4 in control group
an the experimental group.
Figure 2. Comparison of the histopathology of the reconstructed epithelial layer numbers of central optical area of the cornea.
After H&E staining, six layers of epithelia were found to be present in the experimental (E) group, while there were only two layers
in the control group (C).
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derived stem cells (ADSCs) are primarily located in fat
tissue and possess the abilities of self-renewal and differ-
entiation into one or more phenotypes, as well as the
possibility of bringing about the functional regeneration of
damaged tissue [6, 10]. Recently, adult stem cells derived
from adipose tissue, in vivo or in vitro, have been studied in
greater detail due to their many potential applications in
reconstructive surgery.
During the corneal healing process, an increase in ker-
atocyte numbers should replace the damaged cornea
epithelium tissue rather than the scar tissue. The proteins
Cx43 and b-catenin are found on the cell membrane, while
E-cadherin and P63 are found in non-neural epithelium and
corneal-stratified epithelium, respectively [11e13]. Among
the expressions of all the surface markers, only Cx43 and b-
catenin in the cornea were significantly increased. P63 has
been shown to undergo a significant change in some studies
[14], but this was not the case in our study. Ye et al. used
immunochemistry to present expression of cell nuclear
antigen (PCNA), P63, and vimentin during cell renewal after
tissue damage. Kuznetsov et al. found positive effects with
respect to the regenerations of epithelium in the experi-
mental group that was treated with transplanted human
fetal neural stem cells after an alkaline burn.
Ye et al. [2] used cells at a concentration of 1  106
cells/cm2 (3  105 cells/0.2 mL), while Kuznetsov et al. [15]
used a concentration of 1  107cells/1 mL (2  106 cells/
0.2 mL). In the present study, the concentration of cells
used was 1.3  105 cells/0.2 mL. The route for stem cell
application in our study was via subconjunctival injection
immediately after the chemical burn. In some studies, stemTable 1 Numbers of corneal epithelial layers between control
Groups Rabbits
No. 1 No. 2 No. 3 No. 4 N
Control 2 3 3 3
Experimental 6 5 6 4
IQR Z interquartile range.
a Based on Wilcoxon signed rank test.cells application was delayed until 24 hours after the
chemical burn was induced because chemotaxis was ex-
pected to attract more stem cells to damaged target lesion.
In terms of specimens, we used evisceration as it was easier
than enucleation, which was used in almost all other
studies. Importantly, no infections were detected in any
eye during the present study.
Limbal stem cells play a major role in epithelial tissue
repair and regeneration throughout the life span of an
individual because they have a higher proliferative poten-
tial as well as a greater capacity to maintain normal corneal
homeostasis. Subconjunctival injection is often used as
a supplementary approach to corneal chemical repair. This
affords an easy and immediate route for the doctor,
provides good choice in terms of treatment during the
emergency, and has the ability to save the sight of the
patient as long as it is done at an early stage. It has also
been predicted that ADSCs can play the role of a buffer
against progression of chemicals.
A number of different stem cell treatments exist, but
most are still at experimental levels. Medical researchers
hope that stem cells will provide new treatment options for
cancer, diabetes mellitus, Parkinson’s disease, Hunting-
ton’s disease, cardiac failure, muscle damage, and neuro-
logical disorders, as well as many other diseases [16]. There
is great interest in exploring the use of adult stem cells in
cardiac therapies and in treating bone marrow diseases.
Various promising results of stem cell therapies have been
identified in the fields of hematology, neurology, cardi-
ology, ophthalmology, and urology [17, 18]. Stem cells have
the ability to self-renew and differentiate into many tissue
types. Recent stem cell research has led to greatand experimental groups.
Median IQR p
o. 5 No. 6 No. 7
4 3 3 3 3e3 0.017a
5 6 6 6 5e6
Table 2 Titers in log of Cx43, E-cadherin, b-catenin, and P63 for control and experimental groups.
Factors Groups Median IQR pa
Cx43 log10 Control 0 0e0 0.012
a
Experimental 0.18850 0.05050e0.64500
E-cadherin log10 Control 0.00050 0e0.00100 0.236
Experimental 0.00100 0.00025e0.18025
b-catenin log10 Control 0 0e0 0.018
a
Experimental 0.15800 0.01500e0.28875
P63 log10 Control 0.00100 0.00100e0.00100 0.157
Experimental 0.00100 0.00025e0.00100
Cx43 Z connexin 43; IQR Z interquartile range.
a Based on Wilcoxon signed rank test.
18 H.-F. Lin et al.enthusiasm. ADSCs are a form of readily available adult
stem cells that have become increasingly popular for use in
these therapies. However, the exact pathways through
which stem cells function are incompletely understood.
Further investigation of the mechanism should allow the
procedure to be moved into the realm of clinical human
studies, which should help alleviate the poor visual prog-
nosis for ocular chemical burns.
In summary, transplantation of cultured human ADSCs is
an effective means of cornea repair after alkaline chemical
burn. ADSC stem cells appear to be able to target the
damaged tissue and bring about renewal and regeneration
processes. In the future, ADSCs do help with the develop-
ment of more immediate, appropriate, and effective
treatments for chemical burns of the eye.
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